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ABSTRACT

Objective: To analyze longitudinal levels of CSF biomarkers in drug-naive patients with Parkinson
disease (PD) and healthy controls (HC), examine the extent to which these biomarker changes
relate to clinical measures of PD, and identify what may influence them.

Methods: CSF a-synuclein (a-syn), total and phosphorylated tau (t- and p-tau), and b-amyloid 1–
42 (Ab42) were measured at baseline and 6 and 12 months in 173 patients with PD and 112
matched HC in the international multicenter Parkinson’s Progression Marker Initiative. Baseline
clinical and demographic variables, PD medications, neuroimaging, and genetic variables were
evaluated as potential predictors of CSF biomarker changes.

Results: CSF biomarkers were stable over 6 and 12 months, and there was a small but significant
increase in CSF Ab42 in both patients with patients with PD and HC from baseline to 12 months.
The t-tau remained stable. The p-tau increasedmarginally more in patientswith PD than in HC. a-syn
remained relatively stable in patients with PD and HC. Ratios of p-tau/t-tau increased, while t-tau/
Ab42 decreased over 12months in patients with PD. CSF biomarker changes did not correlate with
changes in Movement Disorder Society–sponsored revision of the Unified Parkinson’s Disease
Rating Scale motor scores or dopamine imaging. CSF a-syn levels at 12 months were lower in
patients with PD treated with dopamine replacement therapy, especially dopamine agonists.

Conclusions: These core CSF biomarkers remained stable over 6 and 12 months in patients with
early PD and HC. PD medication use may influence CSF a-syn. Novel biomarkers are needed to
better profile progressive neurodegeneration in PD. Neurology® 2017;89:1959–1969

GLOSSARY
a-syn 5 a-synuclein; Ab42 5 b-amyloid 1-42; AD 5 Alzheimer disease; HC 5 healthy controls; LED 5 levodopa equivalent
dose; MDS-UPDRS 5 Movement Disorder Society–sponsored revision of the Unified Parkinson’s Disease Rating Scale;
MoCA5Montreal Cognitive Assessment; p-tau5 phosphorylated tau protein; PD5 Parkinson disease; Penn5University of
Pennsylvania; PPMI 5 Parkinson’s Progression Biomarker Initiative; RBD 5 REM sleep behavior disorder; RBD-SQ 5 REM
sleep behavior disorder screening questionnaire; t-tau 5 total tau protein.

Intracellular accumulation of a-synuclein (a-syn) aggregates, neuronal dysfunction and loss, and
synaptic changes are the neuropathologic hallmarks of Parkinson disease (PD). Mutations and
duplications in the a-syn encoding gene (SNCA) are associated with autosomal dominantly in-
herited PD, providing further support for a central role of a-syn in PD.1 Recent evidence suggests
that transcellular spread of aggregated or misfolded a-syn may contribute to progression2 via the
extracellular space. This raises the possibility that the quantification of a-syn in extracellular fluids
may be a marker for PD diagnosis and progression. Total tau (t-tau) and phosphorylated tau (p-tau)
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protein, as well as b-amyloid 1-42 (Ab42), cor-
relate with key pathologic features in Alzheimer
disease (AD).3,4 These proteins have been shown
to be relevant in PD neurodegeneration with an
association between the microtubule-associated
protein tau (MAPT) gene with PD and a known
overlapping pathology (with AD). In cross-
sectional studies, levels of a-syn in CSF are
decreased in PD and related disorders.5–7 This
decrease of CSF a-syn and changes in t-tau and
p-tau protein and Ab42 was recently replicated
in the large multicenter Parkinson’s Progression
Biomarker Initiative (PPMI).8,9 Longitudinal
changes in levels of CSF a-syn and other bio-
markers in PD were examined in other co-
horts,10–14 with suggestions that CSF a-syn
may increase over time or in those with more
severe PD. Understanding the dynamics of
changes in biomarkers may advance our under-
standing of the pathobiology of the disease
course, identify contributions of different
pathologies to progression,15,16 and can provide
benchmark data for the design and interpreta-
tion of disease-modifying clinical trials that use
biomarkers for participant enrollment or as out-
come measures.

We therefore analyzed the levels of a-syn,
tau, p-tau, and Ab42 in CSF samples of patients
with PD and healthy controls (HC) at baseline
and 6- and 12-month follow-up in the PPMI
cohort. We hypothesized that these core CSF
biomarkers would be stable in patients with
PD and HC and would correlate with clinical
or 123I-ioflupane dopamine transporter imaging
(DaTscan) indices of disease progression.

METHODS Participants. People with recently diagnosed

untreated PD were enrolled in PPMI. PPMI is an ongoing pro-

spective longitudinal, observational, international multicenter

study that aims to identify biomarkers for the progression of

PD. As described previously,9 newly diagnosed, drug-naive pa-

tients with PD (n 5 423), age- and sex-matched HC (n 5 196),

and participants with scans without evidence of dopaminergic

deficit syndrome (n 5 60) were included in the study. Recruit-

ment took place between June 2010 and May 2013, in 21 PD

centers in the United States and Europe in accordance with PPMI

protocols (ppmi-info.org/study-design).17 The criteria for

enrollment between June 2010 and May 2013 for participants

with PD were (1) age over 30 years; (2) presence of 2 of the

following: bradykinesia, rigidity, and resting tremor, or presence

of an asymmetric resting tremor, or asymmetric bradykinesia; (3)

diagnosis recently made within the last 24 months; (4) PD drug

naivety; and (5) dopamine transporter deficit in the putamen on

the DaTscan by central reading. This article is based on the data

from CSF samples obtained at baseline and 6- and 12-month

follow-up visits and analyzed for t-tau and p-tau, Ab42, and

a-syn. Our findings reflect data collected as of January 19, 2016,

from the PPMI database (ppmi-info.org).

Standard protocol approvals, registrations, and patient
consents. Approval was received from the ethical standards com-

mittee on human experimentation for all experiments with

human participants. Written informed consent was obtained

from all study participants (consent for research). The study is

registered in clinicaltrials.gov as NCT01141023.

CSF sample collection and analysis. CSF was collected using

standardized lumbar puncture procedures. Sample handling,

shipment, and storage were carried out as described in our previ-

ous study8 and the PPMI biologics manual (ppmi-info.org).

Aliquots of 0.5 mL frozen CSF were shipped from the PPMI

Biorepository Core laboratories to the University of Pennsylvania

(Penn) PPMI Biomarker Core and to BioLegend (San Diego, CA)

for analyses. Measurements of CSF Ab42, tau, and p-tau were

made using the xMAP-Luminex platform with INNOBIA AlzBio3

immunoassay kit–based reagents (Fujirebio-Innogenetics, Ghent,

Belgium) at Penn, as we have described elsewhere.8 Commercially

available sandwich type immunoassay kits (BioLegend; formerly

Covance) were used to analyze CSF a-syn and CSF hemoglobin

levels, as described previously.8

Clinical assessment measures. The clinical assessment battery

is described on the PPMI website. In brief, motor assessment was

performed with the Movement Disorder Society–sponsored

revision of the Unified Parkinson’s Disease Rating Scale (MDS-

UPDRS)18 III and total score. At baseline, all participants with

PD were free of dopamine-related medications. Use of medi-

cations for PD was recorded at the 6- and 12-month visits, and is

expressed as levodopa equivalent doses (LEDs).19

Cognitive testing comprised screening with the Montreal

Cognitive Assessment (MoCA) and the Hopkins Verbal Learning

Test–revised, processing speed/attention was assessed using the

Symbol Digit Modality Test, executive function/working mem-

ory was assessed with the Wechsler Memory Scale III Letter-

Number Sequencing Test, and visuospatial abilities were assessed

with the Benton Judgment of Line Orientation test. The

REM sleep behavior disorder (RBD) screening questionnaire

(RBD-SQ) was used to assess RBD.20

Dopamine SPECT imaging. Dopamine imaging was per-

formed by DaTscan using standardized methods, as described.17

We analyzed whether quantitative DaTscan measures of caudate,

putamen, or striatal uptake were related to CSF biomarker changes.

Genetic variables. To examine whether selected genetic var-

iants were associated with CSF biomarkers, we used data for

APOE genotypes and single nucleotide polymorphisms related

to SNCA. These were measured by the PPMI Genetics Core as

previously described.17,21

Statistical analysis. All analyses are based on data retrieved

from the PPMI website, when all biomarkers for the 6- and

12-month follow-up periods were available on January 19,

2016. All statistical analyses were performed using SAS 9.4 (SAS

Institute Inc., Cary, NC). All tests performed using the CSF

biomarkers were rank-based. t Tests or x2 were used to compare

baseline demographic and clinical variables in participants with

longitudinal CSF data vs participants who only had baseline CSF

data; these comparisons were performed separately in patients

with PD and controls. Nonparametric tests were used where

specified in the tables. Repeated-measures linear mixed models

were used to test for changes in CSF biomarker levels from
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baseline to 6 and 12 months. In cases where the change in CSF

biomarker levels was significant at the 0.1 level, simple linear

models were used to analyze potential baseline predictors of

change. First, the univariate relationship between each predictor

and the biomarker change was examined. Then, any variables that

had univariate associations with p values less than 0.2 were

included in a multivariable model. Finally, a backwards selection

process was used to remove variables individually until all varia-

bles remaining in the model were significant at the 0.01 level.

Repeated-measures linear mixed models were also used to test

for overall differences in CSF levels, MDS-UPDRS, and DaTscan

levels between groups over time. In each of these models, an inter-

action between time and group was tested first, before testing for an

overall group difference. Tests of interactions were reported where p
values were significant at the 0.1 level. If the test of interaction was

not significant, the interaction term was removed from the model

and a test for overall group difference was reported.

Spearman rank correlation coefficients between changes in CSF

biomarker levels and changes in MDS-UPDRS scores and DaTscan

variables were also reported. In addition, repeated-measures linear

mixedmodels were used to examine longitudinal relationships between

CSF biomarker levels and DaTscan levels and PD medication use.

Unless otherwise specified, a significance level of p 5 0.01

was used as the cutoff to account for multiple comparisons. A

more formal method of adjustment for multiple comparisons was

not used, as the authors believed this would have been too strin-

gent given the exploratory nature of these analyses.

RESULTS Demographic and clinical data of the 173
patients and 112 controls are shown in table 1. The
flow of participants is shown in figure e-1 at
Neurology.org and associated genetic and imaging
data in these cohorts in table e-1. Comparisons
between this longitudinal CSF cohort and the re-
maining 239 PPMI patients and 77 controls (with
baseline CSF data only) revealed small differences in
sex (more men were in the longitudinal CSF data
group; p5 0.03). Also, baseline CSF Ab42 and p-tau
values were slightly lower in the longitudinal cohort
compared to those with only baseline data available
(p 5 0.05 and 0.01, respectively) (table e-2).

Changes in CSF biomarkers in patients with PD and
controls over time are shown in table 2. Levels of Ab42
increased slightly in patients with PD and HC, which
was significant from baseline to 12 months. While t-tau
remained relatively stable over time in both groups, p-
tau significantly increased in patients with PD (baseline
vs 12 months) but not in controls (table 2). The ratio of
p-tau to t-tau increased between baseline and 12months
and the ratio of t-tau to Ab42 declined slightly over time
in the patients with PD only. CSF total a-syn levels
remained relatively stable, as did the ratio of t-tau to
a-syn from baseline to 12 months (table 2).

Comparing changes in CSF biomarkers over time
in the PD group with those in controls, we found that
t-tau, p-tau, and a-syn levels in patients with PD
were significantly lower than in HC across time
points. When samples with hemoglobin in CSF
.200 ng/mL were excluded (PD n 5 91 and HC
n 5 69) the comparison of patients with PD vs HC

Table 1 Baseline clinical characteristics of patients with Parkinson disease (PD)
and healthy controls (HC) with longitudinal CSF data

Patients with PD (n 5 173) HC (n 5 112)

Age at baseline lumbar puncture, y

n 173 112

Mean (SD) 60.91 (9.3) 60.02 (11.8)

95% CI 59.5–62.3 57.8–62.2

Sex, n (%)

Men 124 (72) 70 (63)

Women 49 (28) 42 (38)

Age at PD onset, y

n 169 NA

Mean (SD) 58.79 (9.7) NA

95% CI 57.3–60.3 NA

MDS-UPDRS part III (motor) score

n 173 112

Mean (SD) 21.86 (8.6) 1.38 (2.4)

95% CI 20.6–23.2 0.9–1.8

MDS-UPDRS total score

n 173 112

Mean (SD) 33.61 (13.4) 4.54 (4.3)

95% CI 31.6–35.6 3.7–5.3

TD/non-TD classification, n (%)

TD 126 (73) NA

Non-TD 47 (27) NA

HVLT total recall

n 173 112

Mean (SD) 24.43 (4.5) 26.18 (4.5)

95% CI 23.8–25.1 25.3–27.0

HVLT delayed recall

n 173 112

Mean (SD) 8.29 (2.4) 9.41 (2.3)

95% CI 7.9–8.7 9.0–9.8

HVLT discrimination recognition

n 173 112

Mean (SD) 9.62 (2.5) 9.87 (3.4)

95% CI 9.3–10.0 9.2–10.5

MoCA

n 173 112

Mean (SD) 27.04 (2.2) 28.25 (1.1)

95% CI 26.7–27.4 28.0–28.5

SDMT

n 173 112

Mean (SD) 41.43 (8.8) 46.54 (11.3)

95% CI 40.1–42.8 44.4–48.7

LNS

n 173 112

Continued
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became nonsignificant, probably due to fewer
participants (table 3).

In multivariate regression analysis that examined
baseline predictors of changes in biomarkers, we
found that no cognitive test was a significant predic-
tor of changes in levels of CSF biomarkers. Similarly,
cognitive dysfunction (MoCA ,26), the presence of
hallucinations (MDS-UPDRS I.2 $1), and the pres-
ence of RBD (RBD-SQ $5) in the patients with PD
at baseline were not significant predictors of any of
the CSF biomarkers. A limited number of genetic
variants were examined as predictors, including
APOE e4 and polymorphisms in the SNCA gene.
Among these, the genetic polymorphism at SNCA
rs3910105 was a significant predictor for the change
in Ab42. The increase of p-tau and the ratios p-tau/
t-tau and p-tau/Ab42 were significantly predicted by
sex (men having a more pronounced increase) and by
the polymorphism of SNCA rs 356181. The decrease
of t-tau/Ab42 was significantly predicted by the poly-
morphism of SNCA rs3910105 (data not shown).
Table e-3 shows predictors of significant changes in
Ab42 and p-tau from baseline to 12 months in pa-
tients with PD.

We also examined correlations between changes
in CSF biomarkers and key clinical measures
(MDS-UPDRS part III score and total score), each
of which increased over 6 and 12 months in PD
(tables 4 and 5). However, after adjustment for multiple
comparisons, no significant correlations were observed.

We analyzed whether the use and LED of PD
medications during the 12 months follow-up period
were associated with changes in CSF biomarkers
(table 5). We found that patients using PD medica-
tions had greater decreases in a-syn than those who
did not take medications. This was driven by the
subgroup who used dopamine agonists, not other
dopamine replacement (tables e-4 and e-5), and there
was only a weak relationship with LED. There was no
relationship with changes in other CSF biomarkers.

There were moderate and significant correlations
among the 4 CSF markers, which are summarized
in table e-6.

DISCUSSION This multicenter longitudinal study
evaluated core CSF biomarkers—including a-syn,
Ab42, t-tau, and p-tau levels—measured over 6 and
12 months in patients with de novo PD and healthy
controls. The strengths of the data include quality
control and standardization of recruitment of partic-
ipants, support of clinical diagnosis through DaTscan
imaging, rigorous clinical assessment, CSF and bio-
sample collection, handling and central analysis ac-
cording to established standardized operational
procedures, and functional as well as structural brain
image analysis, together with high recruitment num-
bers, retention rates, and rates of performance of lon-
gitudinal lumbar punctures. The diversity of
enrollment sites is representative of a typical multi-
center interventional study. Therefore, these data can
serve as a benchmark for future intervention trials.

Overall, we show stability of all 4 biomarkers dur-
ing 12 months of follow-up in de novo PD. There-
fore, these CSF biomarkers do not mirror disease
progression, in particular progressive striatonigral
degeneration as evaluated by clinical motor ratings
(MDS-UPDRS III) and DaTscan measures. Whether
these CSF biomarkers change over a longer time
course, during more advanced stages of PD, or in rela-
tion to, for example, blood–brain barrier changes, can
be reassessed once further PPMI biomarker analyses
are conducted.

CSF a-syn assays measure the total physiologic
protein rather than its select pathologic forms, and
cellular events that lead to its release into extracellular
CSF are not well-understood. The development of
assays that measure other forms of a-syn such as
Pser129 a-syn22 or a-syn oligomers23,24 may provide
stronger indices of disease activity. Although it is pos-
sible that decreased levels of CSF a-syn in PD may
normalize (increase) with effective neuroprotective
therapy as target engagement, this will need to be
tested in the setting of an effective intervention.
CSF levels of t-tau and p-tau181 levels have been
extensively studied in AD, where they are related to
neuronal damage and neurofibrillary changes. They
increase in the presymptomatic mild cognitive
impairment stage, and remain stably elevated or even
decrease slightly once the symptomatic phase with
memory loss is present.25,26 It may therefore be
important to similarly analyze people at risk for PD,
such as asymptomatic mutation carriers and people
with idiopathic nonmotor symptoms, such as RBD or
hyposmia.27

Analyses of t-tau and p-tau proteins and Ab42 in
longitudinal CSF samples in 403 drug-naive patients

Table 1 Continued

Patients with PD (n 5 173) HC (n 5 112)

Mean (SD) 10.84 (2.3) 10.86 (2.6)

95% CI 10.5–11.2 10.4–11.3

BJLO

n 173 112

Mean (SD) 12.94 (2.1) 13.21 (1.9)

95% CI 12.6–13.3 12.9–13.6

Abbreviations: BJLO 5 Benton Judgment of Line Orientation test; CI 5 confidence interval;
HVLT 5 Hopkins Verbal Learning Test; LNS 5 Letter-Number Sequencing Test; MDS-
UPDRS 5 Movement Disorder Society–sponsored revision of the Unified Parkinson’s Dis-
ease Rating Scale; MoCA 5 Montreal Cognitive Assessment; NA 5 not applicable; SDMT 5

Symbol Digit Modality Test; TD 5 tremor dominant.
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Table 2 Movement Disorder Society–sponsored revision of the Unified Parkinson’s Disease Rating Scale (MDS-UPDRS), DaTscan levels, and CSF analytes (b-amyloid 1-42 [Ab42], total tau protein
[t-tau], phosphorylated tau protein [p-tau], a-synuclein [a-syn], and their ratios) at baseline and 6 and 12 months in patients with Parkinson disease (PD) and healthy controls (HC)

Variable

Patients with PD HC

Baseline
Change at
6 months

Change at
12 months

p Value (baseline
vs 6 months)

p Value (baseline
vs 12 months) Baseline

Change at
6 months

Change at
12 months

p Value (baseline
vs 6 months)

p Value (baseline
vs 12 months)

MDS-UPDRS III ,0.0001 ,0.0001 NA 0.007

n 173 173 148 112 NA 112

Mean (SD) 21.86 (8.6) 3.41 (6.0) 4.46 (7.9) 1.38 (2.4) 0.53 (2.0)

Min, max 20.6, 23.2 2.5, 4.3 3.2, 5.7 0.9, 1.8 0.1, 0.9

Mean caudate NA ,0.0001 NA NA

n 172 NA 169 112 NA NA

Mean (SD) 1.99 (0.549) 20.22 (0.27) 2.98 (0.63)

Min, max 1.90, 2.07 20.26, 20.18 2.86, 3.09

Mean putamen NA ,0.0001 NA NA

n 172 NA 169 112 NA NA

Mean (SD) 0.79 (0.28) 20.11 (0.15) 2.09 (0.55)

Min, max 0.75, 0.84 20.14, 20.10 1.99, 2.20

Mean striatum NA ,0.0001 NA NA

n 172 NA 169 112 NA NA

Mean (SD) 1.39 (0.39) 20.17 (0.19) 2.53 (0.57)

Min, max 1.33, 1.45 20.20, 20.14 2.43, 2.64

Ab42 0.33 0.01 0.09 0.002

n 173 173 173 112 112 112

Median 361.10 7.50 11.50 378.15 6.15 21.35

Min, max 139.9, 670.0 2242.2, 205.0 2207.1, 316.8 88.8, 680.3 2230.3, 152.4 2265.3, 190.0

t-tau 0.10 0.56 0.81 0.30

n 171 171 170 110 110 110

Median 38.70 21.20 20.15 44.65 20.25 0.70

Min, max 15.6, 121.0 215.4, 21.8 228.4, 36.7 18.4, 188.2 226.6, 35.4 227.8, 39.6

p-tau 0.32 0.001 0.19 0.15

n 173 173 172 112 112 112

Median 11.40 0.20 1.95 14.00 20.35 0.55

Min, max 4.7, 39.7 221.7, 40.3 226.5, 46.6 6.1, 58.5 224.3, 39.3 230.4, 74.6

Continued
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Table 2 Continued

Variable

Patients with PD HC

Baseline
Change at
6 months

Change at
12 months

p Value (baseline
vs 6 months)

p Value (baseline
vs 12 months) Baseline

Change at
6 months

Change at
12 months

p Value (baseline
vs 6 months)

p Value (baseline
vs 12 months)

a-syn 0.43 0.79 0.24 0.96

n 173 172 173 112 112 112

Median 1714.39 31.95 14.15 1950.13 8.81 25.00

Min, max 332.93, 6694.55 24503.15, 1301.97 24602.02, 1540.90 592.56, 5237.68 21912.52, 2258.43 22292.36, 1748.10

a-syna 0.84 0.99 0.77 0.55

n 82 81 82 43 43 43

Median 1712.71 33.74 55.01 1941.14 5.26 2101.64

Min, max 581.17, 5110.77 22239.79, 837.42 22107.86, 1284.25 683.94, 5237.68 21912.52, 1164.75 22292.36, 1529.98

p-tau/t-tau 0.34 0.002 0.39 0.43

n 171 171 169 110 110 110

Median 0.297 0.014 0.044 0.29 20.01 0.02

Min, max 0.150, 0.883 20.659, 1.006 20.607, 2.127 0.13, 0.79 20.51, 0.44 20.54, 1.37

t-tau/Ab42 0.007 0.003 0.80 0.57

n 171 171 170 110 110 110

Median 0.11 20.01 20.01 0.111 20.002 20.003

Min, max 0.06, 0.53 20.06, 0.24 20.15, 0.27 0.071, 2.12 20.278, 0.08 20.199, 0.15

p-tau/Ab42 0.42 0.01 0.04 0.73

n 173 173 172 112 112 112

Median 0.03 0.00 0.01 0.04 20.00 0.00

Min, max 0.01, 0.17 20.07, 0.09 20.08, 0.23 0.02, 0.66 20.23, 0.07 20.19, 0.39

t-tau/a-syn 0.09 0.61 0.32 0.47

n 171 170 170 110 110 110

Median 0.02 20.001 20.001 0.02 20.001 0.00

Min, max 0.01, 0.07 20.05, 0.02 20.04, 0.02 0.01, 0.06 20.03, 0.02 20.03, 0.02

t-tau/a-syna 0.12 0.21 0.38 0.70

n 82 81 81 43 43 43

Median 0.02 20.00 20.00 0.024 20.001 0.000

Min, max 0.01, 0.05 20.03, 0.02 20.02, 0.02 0.01, 0.06 20.03, 0.01 20.03, 0.02

Abbreviation: NA 5 not applicable.
p Values are based on the ranks of the biological variables. DaTscan is not performed at 6 months in patients with PD, and is performed only at baseline in HC.
aSubset of participants with hemoglobin ,200 ng/mL at all time points, excluding those with missing hemoglobin values at one or more time points.
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Table 3 Comparison over time in patients with Parkinson disease (PD) vs healthy controls (HC) of CSF levels of b-amyloid 1-42 (Ab42), total
tau protein (t-tau), phosphorylated tau protein (p-tau), and a-synuclein (a-syn)

Variables

Patients with PD HC

p Value
(PD vs HC)Baseline 6 months 12 months Baseline 6 months 12 months

Ab42 0.134

n 173 173 173 112 112 112

Median 361.10 361.70 375.50 378.15 373.80 396.80

Min, max 139.90, 670.00 129.30, 687.00 144.10, 732.50 88.80, 680.30 98.00, 609.80 95.20, 691.30

t-tau 0.0004

n 171 173 172 110 112 112

Median 38.70 37.40 39.05 44.65 44.75 45.15

Min, max 15.60, 121.00 15.60, 134.70 16.60, 128.80 18.40, 188.20 16.80, 180.50 19.40, 216.20

p-tau 0.006

n 173 173 172 112 112 112

Median 11.40 11.50 14.10 14.00 13.30 15.75

Min, max 4.70, 39.70 5.10, 56.30 5.40, 61.80 6.10, 58.50 6.00, 52.50 6.00, 89.50

a-syn 0.002

n 173 172 173 112 112 112

Median 1714.39 1779.73 1720.77 1950.13 2069.87 2036.88

Min, max 332.93, 6694.55 472.92, 4659.05 352.36, 5157.08 592.56, 5237.68 658.61, 5208.86 729.32, 5295.43

a-syna 0.109

n 82 81 82 43 43 43

Median 1712.71 1802.91 1816.15 1941.14 1981.53 2018.74

Min, max 581.17, 5110.77 707.06, 4264.73 797.87, 5157.08 683.94, 5237.68 890.57, 5157.39 729.32, 4784.16

p-tau/t-tau 0.215

n 171 173 171 110 112 112

Median 0.30 0.29 0.340 0.29 0.27 0.31

Min, max 0.15, 0.88 0.13, 1.29 0.07, 2.48 0.13, 0.79 0.14, 0.95 0.14, 1.58

t-tau/Ab42 0.002

n 171 173 172 110 112 112

Median 0.11 0.10 0.10 0.111 0.115 0.112

Min, max 0.06, 0.53 0.06, 0.48 0.06, 0.51 0.071, 2.12 0.07, 1.84 0.06, 2.27

p-tau/Ab42 0.085

n 173 173 172 112 112 112

Median 0.03 0.03 0.04 0.04 0.03 0.04

Min, max 0.01, 0.17 0.01, 0.14 0.01, 0.28 0.02, 0.66 0.02, 0.43 0.02, 0.50

t-tau/a-syn 0.202

n 171 172 172 110 112 112

Median 0.02 0.02 0.02 0.02 0.02 0.02

Min, max 0.01, 0.07 0.01, 0.05 0.01, 0.06 0.01, 0.06 0.01, 0.05 0.01, 0.05

t-tau/a-syna 0.515

n 82 81 81 43 43 43

Median 0.02 0.02 0.02 0.02 0.02 0.02

Min, max 0.01, 0.05 0.01, 0.05 0.01, 0.06 0.01, 0.06 0.02, 0.05 0.01, 0.05

p Values are based on the ranks of the biologic variables.
a Subset of participants with hemoglobin ,200 ng/mL at all time points; excludes those missing hemoglobin values at one or more time points.
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with PD at enrollment in the Deprenyl and Tocoph-
erol Antioxidative Therapy of PD (DATATOP)
placebo-controlled clinical trial revealed a slight but
significant positive correlation between the rate of
change in t-tau or t-tau/Ab42 levels and changes in
Unified Parkinson’s Disease Rating Scale scores.13 In
the PPMI cohort, the correlation between clinical
progression by total MDS-UPDRS scores and

changes of CSF a-syn after 6 and 12 months of
observation supports a pathophysiologic connection
of CSF a-syn levels with motor progression, albeit
weak. However, this is not directly related to meas-
ures of presynaptic dopamine integrity in the basal
ganglia by DaTscan.

Since the PD phenotype is very heterogeneous,
different subtypes could show different biomarker

Table 4 Correlation between change in CSF biomarkers and change in the Movement Disorder Society–sponsored revision of the Unified
Parkinson’s Disease Rating Scale (MDS-UPDRS) part III motor score and the total score in patients with Parkinson disease (PD) and
healthy controls (HC)

Patients with PD HC

Change at 6 months Change at 12 months Change at 12 months

Spearman correlation
coefficient

p
Value

Spearman correlation
coefficient

p
Value

Spearman correlation
coefficient

p
Value

Correlation with Ab42

MDS-UPDRS part III score 20.08 0.296 0.01 0.879 20.11 0.266

MDS-UPDRS total score 20.13 0.082 20.01 0.895 20.01 0.916

Correlation with t-tau

MDS-UPDRS part III score 20.02 0.772 0.03 0.713 0.09 0.369

MDS-UPDRS total score 20.07 0.369 20.03 0.718 0.09 0.347

Correlation with p-tau

MDS-UPDRS part III score 0.11 0.162 0.05 0.563 20.00 0.999

MDS-UPDRS total score 0.09 0.247 0.06 0.471 20.01 0.898

Correlation with a-syn

MDS-UPDRS part III score 0.12 0.117 0.12 0.118 0.13 0.168

MDS-UPDRS total score 0.15 0.047 0.17 0.029 0.07 0.470

Correlation with a-syna (low
Hgb)

MDS-UPDRS part III score 0.17 0.120 20.02 0.882 0.10 0.515

MDS-UPDRS total score 0.19 0.097 20.03 0.808 20.12 0.460

Correlation with p-tau/t-tau

MDS-UPDRS part III score 0.09 0.252 0.01 0.944 20.04 0.650

MDS-UPDRS total score 0.08 0.304 0.04 0.587 20.06 0.513

Correlation with t-tau/Ab42

MDS-UPDRS part III score 0.08 0.304 20.03 0.737 0.19 0.047

MDS-UPDRS total score 0.04 0.611 20.06 0.466 0.15 0.110

Correlation with p-tau/Ab42

MDS-UPDRS part III score 0.13 0.090 0.034 0.667 0.03 0.782

MDS-UPDRS total score 0.1291 0.090 0.056 0.475 20.03 0.813

Correlation with t-tau/a-syn

MDS-UPDRS part III score 20.06 0.446 20.06 0.475 20.09 0.369

MDS-UPDRS total score 20.11 0.147 20.15 0.055 20.07 0.480

Correlation with t-tau/a-syna

MDS-UPDRS part III score 20.034 0.756 0.22 0.050 20.04 0.787

MDS-UPDRS total score 20.05 0.643 0.22 0.051 0.01 0.937

Abbreviations: a-syn 5 a-synuclein; Ab42 5 b-amyloid 1-42; p-tau 5 phosphorylated tau protein; Hgb 5 hemoglobin; t-tau 5 total tau protein.
Controls did not complete MDS-UPDRS at 6 months.
a Subset of participants with Hgb ,200 ng/mL at all time points; excludes those missing Hgb values at one or more time points.
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dynamics. We found an increased t-tau/Ab42 ratio in
participants with RBD, which may be part of a clinical
subtype of PD with faster progression28 and has been
associated with greater synuclein pathology in PD.29

Other clinical subtypes need to be determined upon
longer clinical follow-up.

Levels of Ab42 and p-tau showed a small mean
increase over 12 months in PD, and this was not
associated with the APOE e4 allele or with cognition
(other than visuospatial deficits). Levels of CSF Ab42
were generally above the cutoff developed in the Alz-
heimer’s Disease Neuroimaging Initiative study
(quantified by the same assay) of 192 pg/mL that
has been validated against autopsy and against amy-
loid PET imaging.30 Given the relatively young age
(mean age 60.9 years) and early, de novo status of the
PPMI PD cohort, it is likely that most participants do
not yet have important coexisting amyloid plaque
pathology. Among participants in PPMI, those with
lower CSF Ab42 at baseline have been shown to have
greater risk of cognitive decline over 2 years.31

The potentially confounding effect of pharmaco-
therapy on biomarkers, especially a-syn, has not been
investigated intensively. In PPMI, the first lumbar
puncture was performed with all patients drug-
naive, but with progressing motor symptoms, partic-
ipants started dopaminergic treatment. The question
of an effect of dopaminergic treatment on biomarker
measurement has been raised previously32 as D1, D2,
D4, and D5 receptors are expressed in the choroid
plexus, which, upon activation, could alter CSF
homeostasis.33 Some dopamine agonists decrease
a-syn phosphorylation34 and may protect against
neuroinflammation35 and may thus have neuropro-
tective properties. In fact, we found that patients
using PD medications had greater changes in CSF
a-syn, especially those on dopamine agonists.
Whether the effect on CSF a-syn changes reflects
these interactions and whether there are different
binding properties of dopamine agonists will require
further study.

Our focus was on 4 known core markers of neuro-
degeneration relevant to PD (i.e., a-syn, Ab42, t-tau,
and p-tau) with well-validated assays for their quan-
tification in CSF. Similar to AD, it is highly likely
that a panel of multiple biomarkers will be helpful
to mirror the complex process of progressive neuro-
degeneration in PD. Additional PD biomarker can-
didates have been proposed based mainly on
cross-sectional studies and may be candidates for lon-
gitudinal analysis; for example, phosphorylated22 and
oligomeric a-syn,23,36 neurofilament light chains,11

and others. In addition, there is a need to identify
new biomarker candidates that may predict or track
clinical progression in PD, either hypothesis-driven
by the increasing knowledge of the pathologic

Table 5 Longitudinal relationship between CSF biomarkers and Parkinson
disease (PD) medications in patients with PD (calculated as levodopa
equivalent dosages [LED] as published19)

Variable

Patients with PD

Estimate (95% CI) p Value

Relationship with Ab42

PD medication use 24.07 (229.38 to 21.24) 0.750

Total LED 0.08 (20.01 to 0.16) 0.074

LED subtotal—dopamine replacement 0.08 (20.02 to 0.18) 0.114

LED subtotal—dopamine agonists 20.00 (20.18 to 0.18) 0.969

Relationship with t-tau

PD medication use 5.76 (28.81 to 20.33) 0.434

Total LED 0.03 (20.01 to 0.08) 0.164

LED subtotal—dopamine replacement 0.03 (20.03 to 0.09) 0.315

LED subtotal—dopamine agonists 0.04 (20.06 to 0.14) 0.400

Relationship with p-tau

PD medication use 212.31 (249.38 to 24.76) 0.510

Total LED 0.06 (20.07 to 0.18) 0.365

LED subtotal—dopamine replacement 0.02 (20.13 to 0.17) 0.808

LED subtotal—dopamine agonists 0.13 (20.14 to 0.39) 0.340

Relationship with a-syn

PD medication use 228.54 (248.40 to 28.69) 0.005

Total LED 20.06 (20.12 to 0.01) 0.073

LED subtotal—dopamine replacement 0.02 (20.06 to 0.10) 0.560

LED subtotal—dopamine agonists 20.28 (20.41 to 20.14) ,0.0001

Relationship with a-syna

PD medication use 243.24 (271.34 to 215.15) 0.004

Total LED 20.09 (20.19 to 0.01) 0.077

LED subtotal—dopamine replacement 0.07 (20.05 to 0.19) 0.260

LED subtotal—dopamine agonists 20.42 (20.59 to 20.25) ,0.0001

Relationship with p-tau/t-tau

PD medication use 27.10 (245.86 to 31.65) 0.716

Total LED 0.05 (20.08 to 0.18) 0.407

LED subtotal—dopamine replacement 20.01 (20.17 to 0.14) 0.878

LED subtotal—dopamine agonists 0.13 (20.15 to 0.40) 0.373

Relationship with t-tau/Ab42

PD medication use 9.59 (217.64 to 36.81) 0.485

Total LED 20.01 (20.10 to 0.08) 0.803

LED subtotal—dopamine replacement 20.01 (20.12 to 0.10) 0.862

LED subtotal—dopamine agonists 0.04 (20.15 to 0.23) 0.682

Relationship with p-tau/Ab42

PD medication use 211.09 (247.81 to 25.62) 0.549

Total LED 0.04 (20.09 to 0.16) 0.565

LED subtotal—dopamine replacement 20.01 (20.16 to 0.14) 0.891

LED subtotal—dopamine agonists 0.17 (20.09 to 0.42) 0.212

Relationship with t-tau/a-syn

PD medication use 39.36 (8.42 to 70.29) 0.013

Continued
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processes or unbiased with continuously improving
sensitive (e.g., -omics) technology. Although we did
not find evidence for significant progression of the
CSF biomarkers we studied during 12 months early
in the course of PD, longer follow-up and expansion
of these and other CSF biomarker panels in the PPMI
and other cohorts will help to define a more detailed
picture of biochemical events in the brain along the
course of PD.
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